Abstract | In light of greatly improved long-term patient and graft survival after renal transplantation, improving other clinical outcomes such as risk of fracture and cardiovascular disease is of paramount importance. After renal transplantation, a large percentage of patients lose bone. This loss of bone results from a combination of factors that include pre-existing renal osteodystrophy, immunosuppressive therapy, and the effects of chronically reduced renal function after transplantation. In addition to low bone volume, histological abnormalities include decreased bone turnover and defective mineralization. Low bone volume and low bone turnover were recently shown to be associated with cardiovascular calcifications, highlighting specific challenges for medical therapy and the need to prevent low bone turnover in the pretransplant patient. This Review discusses changes in bone histology and mineral metabolism that are associated with renal transplantation and the effects of these changes on clinical outcomes such as fractures and cardiovascular calcifications. Therapeutic modalities are evaluated based on our understanding of bone histology.
Introduction
The development of novel immunosuppressive therapies has led to a >90% increase in the 1-year survival rates of renal allografts after transplantation. 1 In addition, long-term follow-up studies report renal allograft survival rates of ≥70% at 5 years and ≥50% at 10 years after transplantation. 2 Accordingly, improving the long-term survival and quality of life for renal transplant recipients has become a major focus of post-transplantation patient care and includes prevention of cardiovascular complications, bone disease and fractures associated with bone disease.
Post-transplantation changes in bone
Disturbances in bone metabolism are common complications that affect patients after successful renal transplantation and represent important causes of morbid ity and mortality. Post-transplantation bone disease is distinctly different from common forms of osteoporosis. Three major components contribute to bone metabolic disturbances in patients after renal transplantation: pre-existing renal osteodystrophy at time of renal transplantation, effects and consequences of transplantation-specific therapies on bone, and the effects of reduced renal function after renal transplantation.
Pre-existing renal osteodystrophy
Renal osteodystrophy was traditionally classified into four major groups: hyperparathyroid bone disease, adynamic bone disease, mixed renal osteo dystrophy, and osteomalacia. [3] [4] [5] Hyperparathyroid bone disease is character ized by a marked increase in bone turnover, irregularly shaped trabecules displaying numerous abnormal remodeling sites, and an unusually high number of bone cells with irregular arrangement and shape. Representing the other end of the spectrum, low turnover renal osteo dystrophy is characterized by a profound decrease in active remodeling sites. Two separate entities of low turnover renal osteodystrophy exist: low turnover osteo malacia and adynamic bone disease. Low turnover osteo malacia is character ized by an accumula tion of unmineralized matrix in which a decrease in mineraliza tion precedes or is more pronounced than the inhibition of collagen deposi tion. Although the bone volume fraction of total tissue volume (bone volume/tissue volume 6 ) can vary, mineralized bone volume is always low in these patients. Similarly, bone volume is frequently low in adynamic bone disease. In adynamic bone disease, reduced mineraliza tion is para lleled by a decrease in bone forma tion. Adynamic bone disease is characterized by the presence of few osteoid seams and few osteoblasts. Osteoclast number may be low, normal, or high. Mixed uremic osteo dystrophy is primarily caused by defective mineraliza tion with or without increased bone formation and by increased parathyroid hormone activity in bone. These features coexist to varying degrees in differ ent patients. Bone volume is extremely variable and depends on a dominant pathogenic cause. Other features of mixed uremic osteodystrophy include increased numbers of hetero geneous remodeling sites and, typically, an increase in osteoclast number.
Since 2000, this complex classification system has been streamlined to focus on the underlying histo logical abnormalities in bone. These abnormalities include changes in bone turnover, mineralization and bone balance, which result in changes in bone volume. occurs when bone resorption exceeds bone formation, whereas an increase in bone volume is observed when the rate of bone resorption falls below the rate at which bone is formed. entities that are associated with changes in bone turnover include mixed renal osteodystrophy, hyperparathyroid bone disease and adynamic bone disease. Mineralization abnormalities describe the histological changes seen in patients with osteomalacia and mixed renal osteodystrophy. Bone volume changes occur mainly in hyperparathyroid and adynamic bone disease.
In a 2008 survey of 544 bone biopsy samples from patients with chronic kidney disease (CKD) stage 5 on dialysis, bone turnover was low in 52%, normal in 21% and high in 27% of biopsies. Defective mineraliza tion was found in only 3%. 9 Cancellous bone volume was low in 32%, normal in 30%, and high in 38%. 8 In the assessment of bone volume abnormalities, it is important to differentiate between cortical and cancellous bone. Loss of cortical bone occurs mainly in patients with high turnover bone disease, while loss of cancellous bone is often seen in patients with low bone turnover. 9 These abnormali ties cause disturbances in the two critical functions of bone-mechanical strength and mineral metabolic activity. Disturbances in the latter function in patients with abnormal bone turnover are evidenced by abnormal calcium kinetics in low and high bone turnover and frequent hyperphosphatemia in high bone turnover. 9, 10 The mechanical function of bone is served mainly by cortical bone, whereas the metabolic function is primarily served by cancellous bone. 11, 12 The clinical outcome of decreased bone strength is fracture, while abnormal metabolic activity results in the inability to maintain mineral homeostasis, which is associated with vascular and soft tissue calcifications. 13, 14 Precise diagnosis of bone turnover abnormalities in patients with renal disease is of paramount importance since the therapeutic approaches to the different abnormali ties are distinctly different and misdiagnosis can lead to serious adverse clinical outcomes. In patients with advanced CKD, high bone turnover is managed therapeutically by the suppression of parathyroid hormone (PTH) by use of vitamin D analogues and/or calcimimetics. 15 Management of low bone turnover comprises mainly preventative measures such as avoidance of excessive doses of calcium and/or vitamin D. no prospective studies have evaluated the effects of anabolic agents for the treatment of low bone turnover. Low bone mineralization requires vitamin D replacement therapy including administration of both dihydroxylated and hydroxylated vitamin D since both metabolites are needed for normal bone mineralization. 16, 17 Bone volume abnormali ties represent a therapeutic challenge in transplant recipients as the most commonly used anti osteoporotic treatment modality, bisphosphonates, have a rather strong and lasting suppressive effect on bone turnover.
effects of transplant-specific therapies

Glucocorticoids
The role of glucocorticoids in the development of secondary osteoporosis in renal transplant recipients is well established. [18] [19] [20] [21] [22] During the first 6 months after transplantation, rapid bone loss secondary to a glucocorticoidinduced acceleration in bone remodeling occurs in cancellous bone. 23 A study that involved serial bone biopsies at 22 days and 160 days after transplanta tion reported impaired osteoblastogenesis and early osteoblast apoptosis. 24 Glucocorticoids inhibit bone formation by reducing osteoblast proliferation, function (by reducing levels of type 1 collagen, IGF-I and osteocalcin), 25 and life span (by induction of osteoblast apoptosis). 26 Glucocorticoids also promote osteoclastogenesis by increasing levels of RAnKL and decreasing levels of the RAnKL decoy receptor osteoprotegerin. 25 The negative effects of gluco corticoids on bone turnover and bone volume are related to the cumulative dose of gluco corticoids in renal transplant recipients (Figure 1 ). 22 The additional effects of glucocorticoids to reduce intestinal calcium absorption and increase urinary calcium excretion (resulting in a negative calcium balance) can foster the development of persistent hyperparathyroidism, 27, 28 which in combination with hypogonadotropic hypogonadism promotes further bone loss. 29, 30 Although an increased loss of lumbar verte brae mass was reported to correlate with high daily and cumulative gluco corticoid doses as well as with more frequent rejection episodes (requiring glucocorticoid pulse therapy), 20 studies that have focused on fracture risk in renal transplant recipients have not found an association between corticosteroid use and fracture risk even in very long-term (>6 years) studies. 31, 32 Despite current data not supporting the concept of a mean daily or cumulative glucocorticoid 'threshold' that might increase the risk of fracture in renal transplant recipients, the multiple detri mental effects of glucocorticoids on bone and mineral metabolism warrant the use of the lowest possible gluco corticoid doses or the avoidance of glucocorticoids.
Calcineurin inhibitors
Both ciclosporin and tacrolimus use have been linked to osteoporosis in clinical studies, 33, 34 and progression of bone loss with calcineurin inhibitor monotherapies has been demonstrated in rodent models. 35, 36 Despite these findings, population-based studies that have focused on fracture risk could not establish an association between use of calcineurin inhibitors and fracture risk. 32, 37 reviews In murine models, ciclosporin stimulates osteoclastic activity more than that of osteoblasts, which results in bone loss. 38, 39 This effect is, however, attenuated by parathyroidectomy. 40 Other data that compared the effects of ciclosporin treatment showed no differences in bone volume between normal and moderately uremic rats. when compared to vehicle-treated controls, ciclosporin treatment resulted in a higher mineralized bone volume fraction of total tissue volume and in a shorter mineraliza tion lag time. 41 In 139 renal transplant recipients who received ciclosporin, a transient rise in serum alkaline phosphatase levels that peaked after 8 ± 6 months and that exceeded the normal range for 16 ± 10 months post-transplantation was demonstrated. 42 In another clinical study that combined ciclosporin treatment with no or very low dosing of glucocorticoids, bone loss after renal transplantation was prevented by glucocorticoid sparing. 19 In these patients, serum PTH remained elevated 1-2 years after transplantation despite normaliza tion of serum 1,25(OH) 2 vitamin D levels. Bone histological abnormalities were consistent with hyperparathyroid bone changes suggesting a resistance of bone to normal levels of 1,25(OH) 2 vitamin D. 19 Tacrolimus treatment was reported to result in severe cancellous bone loss associated with high bone turnover in a rat model. 36 This agent induces osteoblastic differentiation concurrently with the activation of alkaline phosphatase and osteocalcin transcription 35 and has been shown to induce osteoclast differentiation in the presence of elevated PTH levels. 36 A 2008 study that used serum markers to measure bone turnover did not find a difference between tacrolimus and ciclosporin-treated renal transplant recipients, suggesting that bone turnover abnormalities might be similar in these patient groups. 43 The isolated effects of calcineurin inhibitors are difficult to evaluate in human studies as these immunosuppressants are usually used concomitantly with glucocorticoids. The development of steroid-free protocols might, however, offer new opportunities to evaluate some of the clinical questions related to bone metabolism in renal transplant recipients.
Other immunosuppressive agents
Although clinical data are scarce, the use of mycophenolate mofetil, sirolimus, azathioprine, and induction therapies might exert protective effects on the skeleton in addition to reducing glucocorticoid use. Although mycophenolate mofetil, sirolimus, and azathioprine did not affect bone volume in rodents, [44] [45] [46] a recent in vitro study suggests sirolimus might interfere with the proliferation and differentiation of osteoblasts. 47 everolimus, an orally available derivative of sirolimus, inhibited osteoclast forma tion and activity and osteoblastic differentiation in mouse and human cell lineages in an in vitro study. In that study, everolimus reduced cancellous bone loss in ovarectomized rats by decreasing osteoclast-mediated bone resorption. 48 effects of reduced renal function Despite a paucity of data on the isolated effects of reduced renal function on bone disease after renal transplantation, it has been postulated that patients with a post-transplantation glomerular filtration rate (GFR) <70 ml/min/1.73 m 2 are at increased risk for the persistent or de novo development of hyperparathyroidism. 49, 50 A study that evaluated the associations between serial bone mineral density measurements, serum PTH levels and GFR in long-term (>5 years) renal transplant High PTH values correlated with significant bone loss at the hip. 51 Chronic progressive loss of renal function after renal transplantation leads to bone histological abnormalities similar to those observed before transplantation, described in the previous section. By use of bone histomorphometry in a cross-sectional study of 57 renal transplant recipients (post-transplantation time range: 6 months to 27 years), we found low cancellous bone volume in 56% of patients, low bone turnover (Figure 2 ) in 60% of patients, and abnormal mineralization (Figure 3 ) in 37% of patients (focal osteomalacia in 21% and generalized osteomalacia in 16%). 22 
Clinical implications
Bone metabolic consequences
Parathyroid hormone PTH levels usually decline rapidly (>50%) during the first 3-6 months after renal transplantation because of a reduction in functional parathyroid gland mass. 52 This effect is thought to be the result of improved calcium, phosphorus and 1,25(OH) 2 vitamin D levels. The rapid initial decline in PTH levels is followed by a more gradual decline that is probably attributable to the very slow and incomplete involution of the parathyroid gland. 53, 54 Persistently elevated levels of serum PTH despite normaliza tion of renal function have been reported in >25% of renal transplant recipients 1 year after transplantation; 54,55 these elevated levels may be secondary to monoclonal glandular hyperplasia. 56, 57 Prolonged renal failure before transplantation combined with high levels of PTH, phosphorus, and/or alkaline phosphatase has been suggested to be associated with persistent post-transplantation hyperparathyroidism despite parathyroid gland involution. 54, 58, 59 Low levels of 1,25(OH) 2 vitamin D and 25(OH) vitamin D and reduced expression of vitamin D and calcium-sensing receptors have also been implicated in the development of posttransplantation hyperparathyroidism. 55, 60, 61 Of note, two studies that assessed bone biopsy samples in renal transplant recipients did not find a correlation between serum PTH levels and bone turnover.
22,62
Calcium metabolism Persistently elevated serum PTH levels after renal transplantation may result in marked hypercalcemia and hypophosphatemia. In a 2009 study of 201 renal transplant recipients, a biphasic pattern of serum calcium with hypocalcemia immediately after transplantation (<1 week) and subsequent hypercalcemia was described. 63 Successful renal engraftment can be expected to be associated with resolution of uremia, improvement in hyperphosphatemia, improved 1,25(OH) 2 vitamin D production, and possibly excretion of previously retained antagonistic PTH fragments. All these entities may contribute to hyper calcemia by increasing calcium release from bone. Although severe hypercalcemia (>3 mmol/l) is seldom observed, hypercalcemic episodes (defined as total serum calcium >2.62 mmol/l) were reported in 30% and 12% of renal transplant recipients, 1 year and 5 years after transplantation, respectively. 54 A 2007 study of renal transplant recipients with hypercalcemia and persistently elevated serum PTH levels did not find an association between hypercalcemia and a specific bone turnover abnormality, which suggests defective tubular calcium handling as an additional pathogenetic mechanism for the development of hypercalcemia. 62 Persistently high serum calcium and PTH levels were also shown to correlate with interstitial microcalcifications in the renal allograft and poor long-term graft outcomes. Phosphate metabolism Hypophosphatemia related to hyperphosphaturia is present in up to 90% of patients after renal transplantation 65 and can develop through multiple pathways: PTH excess secondary to pre-existing chronic or end-stage renal failure, as discussed above, dysfunctional proximal tubule phosphate transport, and/or tubular PTH hypersensitivity after normalization of kidney function. PTH-independent alterations in the expression of the sodium-phosphate co-transporter in the proximal tubule (naPi II) are postulated to be a crucial factor in the dysfunction of proximal tubular phosphate handling in the renal allograft. 66 Studies from the past few years have identified serum levels of the phosphatonin FGF23 to be the best predictor of serum phosphate nadir after renal transplantation and have demonstrated a correlation between resolution of 'hyperphosphatoninism' and renal phosphorus wasting 1 year after renal transplantation. 65, 67, 68 The multifactorial etiology of phosphate wasting in renal allografts is highlighted by data that show a marked decrease in urinary phosphate excretion after administration of the calcimimetic agent cinacalcet that correlated with decreased serum PTH but not with FGF23 levels. 69 Hyperphosphaturia has also been shown to occur as a result of renal denervation via functional damage or surgical obliteration of the branches of the renal vascular pedicle nerves. This effect is independent of serum PTH levels. [70] [71] [72] [73] Other studies have suggested that neural pathways can regenerate in transplanted kidneys but the selective contribution of neural regeneration to tubular phosphate handling is unknown. 74, 75 In a rodent model of renal denervation, fecal excretion of phosphate has been shown to decrease, possibly as a regulatory mechanism to prevent hypophosphatemia. 73 The degree to which this mechanism is present in renal transplant recipients and the degree to which it may counteract urinary phosphate losses in these patients is unknown.
Vitamin D levels
Improvement of renal function after renal transplantation often reveals suboptimal reserves of 25(OH) vitamin D. normalization of serum 25(OH) vitamin D levels by supplementation can lead to an increase in serum levels of 1,25(OH) 2 vitamin D. 55, 76 However, when circulating 1,25(OH) 2 vitamin D levels are compared with circulating PTH levels in renal transplant recipients, it becomes apparent that 1,25(OH) 2 vitamin D levels are lower than expected despite the presence of physiological signals that should stimulate its production, such as elevated serum PTH levels. 77 Low levels of 1,25(OH) 2 vitamin D can also be related to immunosuppressive therapy, a deficit in 1α-hydroxylase activity, and/or gonadal steroid deficiency. A 2007 study identified good renal graft function to be the most important predictor of improved 1,25(OH) 2 vitamin D serum levels. 65 This study also found elevated pretransplantation PTH levels and low post-transplantation levels of FGF23 to be additional predictors of improved post-transplantation 1,25(OH) 2 vitamin D levels, although weaker than renal graft function. Despite an improvement in circulating levels of 1,25(OH) 2 vitamin D, signs of defective bone mineraliza tion as evidenced by focal or even generalized osteo malacia were reported to occur after renal transplantation. 22 These bone histological findings might indicate target organ resistance to vitamin D or could be related to low 25(OH) vitamin D levels.
Bone mineral density and fractures
The magnitude of bone loss after transplantation depends largely on the time interval after renal transplantation; a rapid decrease in mean bone mineral density (BMD) measured by dual-energy X-ray absorptio metry (DXA) is noted during the first 6 months after transplantation and seems to slow thereafter, possibly reflecting a decreasing use of corticosteroids. BMD has been reported to decrease a mean of 5.5-19.5% during the first 6 months, 23, 78, 79 but only 2.6-8.2% between months 6 and 12 after transplantation. 80, 81 Long-term follow-up studies (≥6 years) noted an annual lumbar BMD decrease of 0.4-4.5%. 82, 83 Prospective studies from the past 5 years that have focused on renal transplant recipients who receive low-dose prednisone therapy but no specific anti osteoporotic therapy have reported bone loss of 2.0-3.2% at the lumbar spine and 1.8-2.0% at the distal radius 1 year after renal engraftment. [84] [85] [86] BMD measured by DXA correlates with fracture rates in renal transplant recipients, although this associa tion is not as robust as in patients without kidney disease. 87 According to estimates, approximately 7-10% of all renal transplant recipients will suffer one or more fractures over their lifetime. The overall fracture risk after renal transplantation is 360-380% higher than in healthy indivi duals, 32, 88 and is 30% higher during the first 3 years after transplantation than in patients on dialysis. 88 The fracture risk seems to remain unchanged during the first 10 years after renal transplantation, but more than 10 years post-transplantation, decreases to about twice that of healthy individuals. 32 Renal transplant recipients are at particular risk of vertebral fracture; this risk is greater than their risk of lower extremity fractures. 32 This increased risk might be because of the higher amount of cancellous bone present in the vertebrae and the effect of immuno suppression on cancellous bone. Although in one study the incidence of fractures requiring hospitaliza tion in renal transplant recipients was reported to be 8.9 per 1,000 person-years, 88 a population-based study that also considered fractures treated on an outpatient basis reported a much higher incidence rate (128 fractures per 1,000 patient years). 32 This population-based study identi fied the presence of peripheral neuropathy, peripheral vascular disease and impaired vision but not cumulative corticosteroid use as factors that were associ ated with fracture risk after renal transplantation. 32 Additional risk factors for fracture that have been identified are older age, female gender (especially when combined with postmenopausal status), diabetes mellitus, and combined kidney-pancreas transplantation. Cardiovascular calcifications Cardiovascular disease is recognized as a major cause of mortality not only in patients with CKD before renal transplantation, 93 but also in renal transplant recipients. 94 we have known for over a decade that patients with stage 5 CKD on dialysis present with higher coronary calcification scores than nondialysis patients, 95 and that these vascular calcifications are associated with cardio vascular morbidity and mortality. 96 A 2007 study of 281 renal transplant recipients who were undergoing multislice CT (MSCT) reported coronary calcifications to be prevalent in 81% of patients >1 year after renal engraftment. 97 Interestingly, coronary calcifications were predicted by history of parathyroidectomy but not by gluco corticoid use. Although proatherogenic effects of immunosuppressive agents are known, 98 a longitudinal study of 23 renal transplant recipients who underwent MSCT at the time of transplantation and again at 15-20 months after transplantation, reported no net change in coronary calcifications. 99 whether progression of cardiovascular calcifications will be revealed by improved sensitivity of imaging modalities awaits further study.
evidence from the past decade shows that vascular calcifications in CKD occur early and that deposition of calcium in the vascular wall is a complex and tightly regulated process that is akin to bone mineralization. 100, 101 Although associations between low bone turnover and/or low bone volume and increased cardiovascular calcifications were reported in patients with stage 5 CKD on dialysis, 13, 14, 102, 103 the relationship between histomorphometric parameters of bone turnover and volume with quantitative determinations of cardiovascular calcifications in renal transplant recipients has not been investigated.
Therapy
A detailed discussion of therapeutic interventions for renal transplant recipients is beyond the scope of this Review and is provided elsewhere. [104] [105] [106] [107] The 2009 Kidney Disease: Improving Global Outcomes practice guidelines provide detailed recommendations for the evaluation and treatment of bone disease associated with renal transplantation. 15 Studies on currently available therapies focus on BMD changes measured by DXA as clinical end points. Since extraosseous calcifications are frequent complications in patients with renal insufficiency and after renal transplantation, the use of improved BMD as an end point is potentially problematic as DXA can not differentiate between calcium accumulation in the bone and that in surrounding soft tissue. Studies that have used estrogens, calcitonin, bisphosphonates and vitamin D replacement therapy report mostly conflicting data; however, the majority of studies have not reported positive findings. Although a favorable effect of cinacalcet on BMD in renal transplant patients was reported by two small studies that included just nine and 11 patients, respectively, these findings will need to be confirmed in larger, prospective trials. 108, 109 Given the frequent finding of low bone turnover in bone disease associated with renal transplantation, it is not surprising that antiresorptive agents will probably be of limited value for the improvement of BMD. Indeed, a prospective study that used bone biopsies to evaluate the effects of pamidronate therapy showed that 52% of patients had low bone turnover at the time of renal transplantation. 110 Although pamidronate treatment combined with low-dose calcium and cal citriol preserved bone mass at 6 months and 12 months as measured by BMD at the lumbar spine and by histomorphometry, all patients who received this treatment developed low bone turnover after 6 months (Figure 4 ). In the group of patients who received only low-dose calcium and calcitriol treatment, just 25% continued to have low bone turnover, 50% developed low bone turnover, and 25% showed a mild increase in turnover after 6 months.
In light of the known association between low bone turnover and cardiovascular calcifications in patients with CKD, therapeutic agents without negative effects on bone turnover are of great clinical importance. Teriparatide, given as daily subcutaneous injections, is the only agent that fits this profile and is currently approved by the FDA for use in osteoporotic patients but not in patients with organ transplantation. Although continuous administration of PTH may result in bone loss or no change in bone volume, 111 pulsatile administration of PTH or an n-terminal PTH fragment such as teriparatide leads to gains in bone volume. 112, 113 Despite stabilization of BMD in the femoral neck and increased cortical width as measured by histology, a 2008 study of 26 renal transplant recipients who received daily teriparatide injections could not demon strate improvement in bone turnover or bone mineralization as measured histologically. 114 In addition, as the clinical safety of teriparatide in renal transplant recipients has not been established, recommendations for the use of teriparatide in this patient population cannot be given. 113 Activation frequency was assessed by histomorphometry in patients 6 months after renal transplantation. Patients in both the control group and the pamidronate group received low-dose calcitriol and calcium carbonate. Patients in the pamidronate group received 60 mg intravenous pamidronate immediately after renal transplantation followed by 30 mg at months 1, 2 and 6. reviews At our institution, the current therapeutic approach for renal transplant recipients with fractures, unexplained hypercalcemia or bone pain, is the performance of a bone biopsy because of the high risk of low bone turnover after renal transplantation. In patients with low bone volume and in those with an increased bone resorption to formation ratio, we use antiresorptive agents adjusted for GFR. Patients with mineralization defects as determined by histology are treated with both 25(OH) vitamin D and active vitamin D analogues. Calcium supplementation is also given but should not exceed 800-1,200 mg elemental calcium daily. In patients with low bone turnover and severely suppressed rates of bone resorption and formation, we consider antiresorptive agents to be contra indicated. we also do not use teriparatide in these patients because of the lack of safety data in renal transplant patients.
Conclusions
The clinical consequences associated with fractures and cardiovascular calcification in recipients of renal allografts calls for the early recognition of bone disease associated with renal transplantation. This bone disease is characterized by loss of bone volume, the presence of mineralization defects that can be extensive, and low bone turnover. At this time, no well-established therapeutic approaches that provide bone anabolic effects in renal transplant recipients are available. In our opinion, early evaluation and primary prevention of bone loss, low bone turnover, and defective mineralization in prospective renal transplant patients is warranted. Therapy should be individualized, and based on biochemical and imaging results. If these results are inconclusive, a bone biopsy should be considered.
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